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H[KDXVWJDVVWUHDPPDLQO\FRPSRVHGE\&2DQG+2$IWHUFRQGHQVDWLRQDSXUH&2VWUHDPLVDYDLODEOHUHDG\IRU
WUDQVSRUW DQG VWRUDJH 7KXV VHSDUDWLRQ VWHSV WR REWDLQ D FRQFHQWUDWHG &2 VWUHDP DUH DYRLGHG HOXGLQJ HQHUJ\
SHQDOWLHV2Q WKHRWKHUKDQG&/5RIIHUV WKHSRVVLELOLW\ WR LQWHJUDWH&2FDSWXUH WHFKQRORJLHVDQG+SURGXFWLRQ
V\VWHPV IRUSRZHUJHQHUDWLRQRU IXHO DSSOLFDWLRQV&/5 LV EDVHGRQ WKH VDPHSULQFLSOH DV WKH&/&SURFHVV7KH
PDLQ GLIIHUHQFH LV WKDW WKH R[\JHQWRIXHO UDWLR LV NHSW ORZHU WR DFKLHYH SDUWLDO FRPEXVWLRQ LQVWHDG RI FRPSOHWH
FRPEXVWLRQRIWKHIXHO7KHUHE\WKHRXWOHWJDVVWUHDPLVPDLQO\FRPSRVHGE\V\QJDV&2DQG+
2QHRIWKHNH\LVVXHVUHJDUGLQJV\VWHPSHUIRUPDQFHLQFKHPLFDOORRSLQJSURFHVVHVLVWKHR[\JHQFDUULHU)URP
WKH SRVVLEOH RSWLRQV 1LEDVHG R[\JHQFDUULHUV KDYH EHHQ WKH PRVW H[WHQVLYHO\ PDWHULDOV VWXGLHG $FFRUGLQJ WR
$GiQH]HWDO>@WKH\UHSUHVHQWHGWKHRIWKHWRWDOZRUOGH[SHULHQFHRQ&/&DQG&/5LQFRQWLQXRXVXQLWVXSWR








$PRQJ WKH GLIIHUHQW PHWKRGV IRU R[\JHQ FDUULHU¶V SURGXFWLRQ WKH LPSUHJQDWLRQ RQ D VXSSRUW KDV VHYHUDO
DGYDQWDJHVLQFOXGLQJWKHFRVWDQGWKHFDSDELOLW\IRUDIXWXUHVFDOLQJXS,QDGGLWLRQDOXPLQDEDVHGFRPSRXQGVKDYH
EHHQ H[WHQVLYHO\ XVHG DV VXSSRUW PDWHULDO EHFDXVH RI WKHLU JRRG SURSHUWLHV UHJDUGLQJ DWWULWLRQ DYRLGDQFH RI
DJJORPHUDWLRQDQGFDUERQGHSRVLWLRQDQGUHDFWLYLW\LQWKHILQDOPDWHULDOPDQXIDFWXUHG
2XUUHVHDUFKJURXSDW,&%&6,&KDVGHYHORSHGVHYHUDO1LEDVHGR[\JHQFDUULHUVSUHSDUHGE\LPSUHJQDWLRQRQJ




IOXLGL]HG EHG >@ /DWHU WZR VHOHFWHG R[\JHQ FDUULHUV 1L2D$O DQG1L2J$OZHUH XVHG WR DQDO\VH WKHLU
EHKDYLRXU ZLWK UHVSHFW WR &+ UHIRUPLQJ LQ D :WK &/5 FRQWLQXRXV SLORW SODQW >@ %RWK R[\JHQ FDUULHUV
DFKLHYHG YHU\ KLJK &+ FRQYHUVLRQ ! DQG DIWHU  KRXUV RI RSHUDWLRQ GLG QRW VKRZ DJJORPHUDWLRQ QRU
GHIOXLGL]DWLRQ SUREOHPV QHLWKHU FKDQJHV LQ UHDFWLYLW\ RU SK\VLFDO VWUXFWXUH ,Q DGGLWLRQ WKH ORZ DWWULWLRQ UDWH
H[KLELWHGLQGLFDWHVWKDWWKHVHR[\JHQFDUULHUVDUHVXLWDEOHWREHXVHGLQD&/5SURFHVV
,QUHFHQW\HDUV&KHPLFDO/RRSLQJSURFHVVHVKDYHEHHQWKRURXJKO\LQYHVWLJDWHGZLWKJDVHRXVDQGVROLGIXHOV>




















SURFHVVHV ZLWK WKH XVH RI WKH PRVW SRSXODU ELRIXHO HWKDQRO 7KLV ZLOO EH DFFRPSOLVKHG XQGHU &/& DQG &/5















2.2. Experimental facility 
)LJ  VKRZV D VFKHPDWLF GLDJUDP RI WKH FRQWLQXRXV DWPRVSKHULF XQLW XVHG WR HYDOXDWH WKH &/& DQG &/5
SURFHVVHVZLWKHWKDQRODV IXHO ,&%&6,&OLT)RU WKHHWKDQROFRPEXVWLRQ WKHPD[LPXPSRZHU LQ WKHXQLWZDV








WKHJDVHV IURP WKH$5ZLWK WKHJDVVHV IURP WKH)57KH UHJHQHUDWLRQRI WKHFDUULHU WRRNSODFHDW WKH$5ZKLFK























































2.3. Operational Conditions 
7HVWXQGHUGLIIHUHQWRSHUDWLRQDOFRQGLWLRQVZHUHFDUULHGRXWLQWKHXQLWXVLQJHWKDQROYRODVIXHO7KHWRWDO
VROLGLQYHQWRU\LQWKHXQLWZDVDURXQGNJRI1L2D$O2
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3. Results and discussion 
3.1. Data evaluation 
&2&2&+DQG+FRQFHQWUDWLRQVDQG&2&2DQG2FRQFHQWUDWLRQVDWWKHRXWOHWRIWKH)5DQG$5VWUHDPV







+1L2՞1L+2   






&DUERQFKDLQEUHDNDJH &+2+՞&+2+  
&+2՞&+&2  
&+՞&+    




























&DUERQFRPEXVWLRQ &2՞&2   
&ଵ
ଶ












 I   
ZKHUH )1L2 LV WKH PRODU IORZ UDWH RI WKH PHWDO R[LGH ZKLFK LV FDOFXODWHG FRQVLGHULQJ ERWK WKH VROLG IORZ UDWH
PHDVXUHGE\PHDQVRIDGLYHUWLQJVROLGVYDOYHORFDWHGEHORZWKHF\FORQHVHH)LJDQGWKHPHWDOR[LGHFRQWHQWRI
WKHR[\JHQFDUULHU))XHO LV WKH LQOHWPRODU IORZ UDWHRI WKH IXHO LQWR WKH)5$YDOXHRII FRUUHVSRQGV WR WKH
VWRLFKLRPHWULF1L2DPRXQWQHHGHGIRUFRPSOHWHFRQYHUVLRQRIWKHIXHOWR&2DQG+2
2QHZD\ WR HYDOXDWH WKH FKHPLFDO ORRSLQJSURFHVV LV WKURXJK WKH FRPEXVWLRQ HIILFLHQF\ KFZKLFK LV UHODWHG
ZLWKWKH&2SURGXFWLRQDQGGHILQHGDVWKHUDWLREHWZHHQWKHR[\JHQJLYHQE\WKHR[\JHQFDUULHULQWKH)5RXWOHW
JDVDQGWKHVWRLFKLRPHWULFR[\JHQQHHGHGIRUFRPSOHWHIXHOFRPEXVWLRQ(T




















 '                                   
ZKHUH[1L2,1LVWKHIUDFWLRQRI1L2LQWKHR[\JHQFDUULHUIHGWRWKH)5DQGP1L2287LVWKHIUDFWLRQRI1L2LQWKH
R[\JHQFDUULHUOHDYLQJWKH)5
3.2. Chemical looping process evaluation 
7HVWVXQGHU&/&DQG&/5FRQGLWLRQVZHUHFDUULHGRXWXVLQJ(W2+DVIXHO$WRWDORIKRXUVRIFRQWLQXRXV










































 F. García-Labiano et al. /  Energy Procedia  63 ( 2014 )  53 – 62 59
)LJVKRZVWKHJDVSURGXFWGLVWULEXWLRQDW WKH)5RXWOHWVWUHDPDVDIXQFWLRQRII IRUERWK+2(W2+PRODU

















WKHR[\JHQFDUULHUYDULDWLRQFRQYHUVLRQV LQ WKH)5$V LW
FDQEHREVHUYHGIRUIYDOXHVKLJKHUWKDQDVWKHIYDOXH
LQFUHDVHG WKH R[\JHQFDUULHU YDULDWLRQ FRQYHUVLRQ
GHFUHDVHG ,Q WKLV FDVH WKHUHZDVPRUHR[\JHQDYDLODEOH
IRUFRPEXVWLRQDQGWKHPDLQUHDFWLRQSURGXFWVZHUH&2
DQG+2 UHDFWLRQV 55 )RU I YDOXHV ORZHU WKDQ 
WKH R[\JHQFDUULHU YDULDWLRQ FRQYHUVLRQV ZHUH DOPRVW
FRPSOHWH 7KHUHIRUH WKH R[\JHQ WUDQVSRUWHG E\ WKH
R[\JHQFDUULHU GHFUHDVHG DV WKH I YDOXH GLG $V D
FRQVHTXHQFHWKHUHIRUPLQJUHDFWLRQVUHDFWLRQV55
KDG D KLJKHU LQIOXHQFH RQ WKH JOREDO SURFHVV WKDQ WKH




7KH HIIHFW RI+2(W2+PRODU UDWLRRQJDVSURGXFWGLVWULEXWLRQ FDQEH DOVRREVHUYHG LQ)LJ )RUI YDOXHV
KLJKHU WKDQ  WKH +2(W2+ PRODU UDWLR KDUGO\ DIIHFWHG WKH JDV SURGXFW GLVWULEXWLRQ +RZHYHU XQGHU &/5
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FRQFHQWUDWLRQVDQGDVOLJKWGHFUHDVHLQWKH&2FRQFHQWUDWLRQVLQFHWKHDGGLWLRQRIZDWHUSURPRWHVWKHHWKDQROVWHDP
UHIRUPLQJ5DQGIXUWKHUWKHZDWHUJDVVKLIWUHDFWLRQ5







&RPSDULQJERWKFRQWUROPHWKRGV IRU WKHVDPHIORZRIR[\JHQ WUDQVIHUUHGIURPWKH$5WR WKH)5VLPLODUJDV















1L2D$O2 R[\JHQ FDUULHU GLG QRW VKRZ DJJORPHUDWLRQ RU GHIOXLGL]DWLRQ SUREOHPV PDLQWDLQHG LWV KLJK
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7KHZDWHUWRHWKDQROPRODUUDWLRGLGQRWVLJQLILFDQWO\DIIHFWWKHSURFHVVZRUNLQJZLWKIYDOXHVKLJKHUWKDQWKDW
LVIRU&/&RSHUDWLQJFRQGLWLRQV+RZHYHUZRUNLQJLQ&/5RSHUDWLQJFRQGLWLRQVIDQLQFUHDVHLQWKHZDWHUWR
HWKDQROPRODU UDWLRSURGXFHG D VOLJKW LQFUHDVH LQ WKH+DQG&2 FRQFHQWUDWLRQV DQGD VOLJKWGHFUHDVH LQ WKH&2
FRQFHQWUDWLRQ
)RU WKH &/5 SURFHVV WKH R[\JHQ WUDQVIHUUHG IURP WKH $5 WR WKH )5 ZDV FRQWUROOHG E\ WKH R[\JHQFDUULHU
FLUFXODWLRQ UDWH RU E\ WKH R[\JHQ VXSSOLHG WR WKH$5 ,WZDV REVHUYHG WKDW WKH VHFRQG FRQWUROPHWKRG DOORZV DQ
HDVLHURSHUDWLRQDQDFFXUDWHR[\JHQIORZIURPWKH$5WRWKH)5DQGLQDGGLWLRQSXUH1LVREWDLQHGDWWKHRXWOHW
RIWKH$5
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